The growth requirement or growth-promoting effect of biotin-vitamers on bacteria and yeasts was investigated. Biotin, dethiobiotin and biocytin (N-e-biotinyl-L-lysine) were shown to be required for growth in a number of bacteria and yeasts. The biological activity of dethiobiotin was relatively higher than that of biotin, but was negative for lactic acid bacteria. Biocytin had high activity for Bacillus subtilis (natto), Debaryomyces japonicus and Hansenula capsulate. The biotin activity of 7-keto-8-aminopelargonic and 7,8-diaminopelargonic acids was low or negligible for bacteria but relatively high for yeasts such as the genera of Endomyces, Endomycopsis and Saccharomyces. Pimelic, pelargonic and pelargonylhydroxamic acids had no growth requirement fo r or growth-promoting effect on any of the bacteria or yeasts tested.
Many biotin analogs and related compounds have been chemically synthesized and their biotin activities investigated (1) (2) (3) 7) . Most of the naturally occurring biotin-related compounds (biotin-vitamers) are microbial products. The biotin vitamers that often accumulate in culture medium are 7-keto-8-aminopelargonic acid (KAPA), 7,8-diaminopelargonic acid (DAPA), dethiobiotin (DTB) and biotin (4) (5) (6) (7) . Because several microorganisms can convert DTB to biotin (8) (9) (10) (11) (12) , it is worthwhile studying the biotin activity of biotin-vitamers for various kinds of microorganisms. Biotin is an essential growth factor for a number of microorganisms (13) (14) (15) (16) (17) . DTB is also required by some bacteria and yeasts (3, 15, 18) . However, the biotin activity of DAPA and KAPA is low or negligible for Saccharomyces cerevisiae (18) (19) (20) and Bacillus subtilis (15) .
In this communication we report data of microbiological activity of biotin, biocytin (N-e-blotinyl-L-lysine), DTB, KAPA, DAPA, pimelic acid (PmA), pelar 
RESULTS

AND DISCUSSION
Growth requirement of biotin-vitamers The number of strains that showed a growth requirement for 5 kinds of biotin vitamers and PmA, an important biotin precursor, are summarized in Tables 1 and  2 . Biotin, DTB and biocytin were shown to be required by the bacteria of some of the strains belonging to the genera Enterobacter , Escherichia, Serratia, Agrobacterium, Arthrobacter, Table  1 . List of bacteria requiring biotin-vitarners for growth.
a PeA and PHA were also ineffective .
Torulopsis and Trigonopsis. On the other hand, these biotin-vitamers were not required for the growth of bacteria of the genera Alcaligenes, Citrobacter, Erwinia, Klebsiella, Proteus, Salmonella, Leuconostoc, Streptococcus, Bacterium and Micrococcus, or for yeasts of the genera Cryptococcus, Kloeckera, Pichia, Saccharomycodes, Torula and Trichosporon. A few bacteria and yeasts required KAPA and DAPA. Of organisms tested, PmA, PeA and PHA were ineffective in growth requirement on basal medium which lacked a biotin-vitamer. Biotin. Biotin is required by a variety of yeasts, fungi and bacteria (23) . As shown in Table 3 , a few species belonging to Enterobacter and Serratia and many of the Escherichia showed relatively high biotin requirement. Lactic acid bacteria require biotin. The species of fermentum and viridescens of the Lactobacillus had ten times or more biotin requirement (Table 3) . Other bacteria requiring biotin are given in Table 4 . All of the genera except for the Agrobacterium and the Sarcina have been shown to have biotin-requiring activity (23) . Biotin requirement of yeasts Table 2 .
List of yeasts requiring biotin-vitamers for growth .
was lower than that of bacteria (Tables 3 , 4 and 5). However, little is known about biotin requirement in the genera of Endomyces , Endomycopsis, Nadsonia and Trigonopsis. DTB. The compound was first isolated in crystalline form from culture fluid of Bacillus sphaericus by Iwahara et al . (24) . It replaces biotin in some bacteria and yeasts (3). The biotin activity of this compound for certain microorganisms is attributed to the apparent ability to convert this compound to biotin (1) . In some bacteria such as Escherichia coli, Arthrobacter pascens , Brevibacterium sp., Pseudomonas fragi, and in yeast of Saccharomyces carlsbergensis , the biological activity of DTB was found to be higher than that of biotin as shown in Tables 3 , 4 and 5. A strain of Escherichia intermedia AKU 0010 showed high requirement of DTB and required approximately 16 times as much DTB for growth as did Saccharomyces cerevisiae IFO 1346. Thus both biotin and DTB were biologically active for bacteria and yeasts, and the DTB requirement was higher than the biotin requirement. DTB was unable to replace biotin for Lactobacillus only .
Biocytin. This compound is known to exhibit biological activity comparable to that of biotin for a number of microorganisms , including several species of the genera of Lactobacillus, Staphylococcus, and Candida, and some species of the genera of Streptococcus, Micrococcus and Saccharomyces (3, 25, 26) . Tables 3, 4 and 5 show the results of the investigation into the requirement of biocytin for bacteria and yeasts. The requirement was low compared to that of biotin, but of interest was the high activity for Bacillus subtilis (natto), Debaryomyces japonicus and Hansenula capsulata. In Torulopsis candida, biocytin could not replace biotin in spite of the requirement for biotin and DTB. KAPA. This substance was obtained first in crystalline form from Bacillus cereus by Iwahara et al. (27) . The biotin activity of KAPA has been reported for Saccharomyces cerevisiae and Bacillus subtilis, but the activity is 10 to 20% of that of biotin (18) . As shown in Tables 3 and 4 , the growth requirement of KAPA was fo und to be low for bacteria. The biotin activity for Escherichia coli IFO 3208 was 38% of that for Saccharomyces cerevisiae IFO 1346, and was low for Arthrobacter Table 4 .
Biological activity of biotin-vitamers for various kinds of bacteria .
a Details are given in Table 3 .
pascens, Bacillus pumilus and Staphylococcus epimermidis. On the other hand, some yeast strains belonging to genera such as Endomyces, Endomycopsis, Rhodotorula and Saccharomyces showed a higher KAPA requirement than did the bacteria (Table 5) . DAPA. Biosynthesis of DAPA from KAPA was reported in Escherichia coli by Pai (28) and Eisenberg and Stoner (29) . The biotin activity of DAPA was reported in Saccharomyces cerevisiae, having one-tenth the activity of DTB (19) . As shown for KAPA, the DAPA requirement of bacteria was low , but DAPA could replace biotin as a growth factor for yeasts such as Endomyces decipiens , Endomycopsis capsularis and several strains of Saccharomyces (Tables 3 , 4 and 5) .
PmA, PeA and PHA. PmA is an important precursor of biotin. PeA was fo und by us to serve as a biotin precursor in Pseudomonas sp. (30) . PHA was found to be formed from
PeA and NH2OH by cell-free extracts of Agrobacterium tumefaciens (unpublished data). Of interest is that C-7 or C-9 fatty acid and its derivatives may serve as biotin precursor. However, we found no biotin activity of PmA, PeA and PHA with a number of microorganisms tested, Table  5 . Biological activity of biotin-vitamers by yeasts.
Growth promoting effect of biotin-vitamers Tables 6 and 7 show the growth-promoting effects of biotin-vitamers on bacteria and yeasts. These strains grew slowly on basal medium which lacked a biotin-vitamer. Here, a growth-promoting effect means production of satisfactory growth, observable by the naked eye in plate cultures, on the basal medium supplied with a biotin-vitamer. For this reason comparative activity was not specified . The growth of several strains of bacteria and yeasts was promoted by biotin and DTB. In some cases such as strains belonging to the genera of Lactobacillus , Streptococcus and Hansenula, DTB was ineffective. KAPA or DAPA promoted growth in Pichia orientalis and Saccharomyces marxianus, but not in the bacteria tested . PmA, PeA and PHA (not shown in Tables 6 and 7 ) also had no growth-promoting effect for a variety of bacteria and yeasts tested.
In conclusion, because particular bacterial and yeast strains responded to biotin, DTB, biocytin, KAPA or DAPA, they could be used for the bioassay of these biotin-vitamers. As shown in Tables 3, 4 and 5, the surprisingly higher activity of DTB, biocytin, KAPA and DAPA than that of biotin raised the question of whether DTB, biocytin, KAPA and DAPA are growth factors themselves , or show activities after conversion to biotin by the cell and have to depend on their cell permeability. Most microorganisms which do require biotin for growth responded Table  6 . Growth-promoting effect of biotin-vitamers on bacteria.
+, growth-promoting effect, but comparative activity not specified; -, ineffective. Table  7 .
Growth-promoting effect of biotin-vitamers on yeasts.
+, growth-promoting effect, but comparative activity not specified; -, ineffective.
satisfactorily to DTB and biocytin but showed a poor or negligible response to KAPA, DAPA, PmA and PeA. The results suggest that biotin-requiring microor ganisms need for growth at least the ureido ring and sulfur in the molecule.
